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1 
This invention relates fo automatic regulator 
control and more particularly fo an electronic 
fail safe rime delay relay for reversible motor 
driven voltage regulators. 
The trend in recent years on power circuits 5 
where voltag,e fiuctuations occm" rapidly and 
oïten has been toward the introduction of rime 
delay between the operation of a conventiona] 
voltage regulating relay contact and the starting 
of a servomotor usually employed to drive an 10 
automatic voltage regulator. The objective has 
been to eliminate unnecessary corrections due 
fo temporary voltage transients and thus in- 
creae the lire of the regulator driving mecha- 
nism. Fulfillment of this objective has been '5 
practically mandatory in connection with step 
voltage regulators and load ratio control appara- 
tus where the lire of the contacts involved is 
definitely limited. To. secure this rime delay 
feature, various arrangements including those 20 
involving the use of mechanical timers bave been 
employed in the past, but due fo certain adverse 
and well-known experiences with mechanical 
timers, electronic rime delay relays are now 25 
sometimes preferred. 
tteretofore, however, electronic timers bave 
had a serious drawback. For example, if an 
electronic tube failed because of loss oï emission 
or gain, the conventional voltage regulating re- 
lay lost control of the regulator so that the regu- 30 
lator was rendered ineffective to thereafter auto- 
matically carry out its function of boosting or 
lowering the voltage pending replacement of the 
tube. On the other hand, the voltage regulator 
servo mechanisms are built sturdily and can 35 
withstand almost continuous running operation 
for long periods of rime so that in the interest 
of continuity of service, it would be very desir- 
able, in the event of tube failure, fo automati- 
cally return sole control fo .the conventional volt- 40 
age regulating relay, even though if would there- 
after effect operation of the servomotor without 
rime delay pending replacement of the defective 
tube. In other words, if would be desirable to 
45 
bave an arrangement exhibiting the rime delay 
feaure which would rail sale in the sense that 
the voltage regulating relay would thereafter 
control operation of the regulator rather han 
being rendered entirely ineffective because of the 50 
ïailure. 
It is therefore an object of this invention to 
provide an improved electronic control device 
which wfll cause a selectable rime delay between 
operation of a voltage regulating relay contact 55 
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and operation of the servomotor of the induc- 
tion voltage regulator. 
If is also an object of this invention .fo provide 
an electronic device which will allow a voltage 
regulating relay to continue, but without rime 
delay, fo control the induction voltage regulator 
if the electronic tube fails due to loss of emission 
or gain. 
It is a further .object of this invention to pro- 
vide a time delay control meeting .these objec- 
tives which control can be initiated or operated 
by either the raise or lower contacts in the con- 
ventional voltage regulating relay, without em- 
ploying .two separate and identical time delay 
circuits or auxiliary relay means. 
The invention will be better understood from 
he following description taken in connection 
with the accompanying drawing and its scope 
will be pointed out in the appended claims. 
Referring now to the single figure oï the 
companying drawing, I bave shown therein dia- 
grammatically, by way of example, an embodi- 
ment of my invention for controlling an auto- 
matic voltage regulating system for a circuit 
0--0. The numeral  identifies an induction 
voltage regulator connected in the usual man- 
ner to the circuit 0 for regulating its voltage. 
Règulator  is of the conventional type having 
a movable coil therein driven through a shaft 
2 by servomotor 3 which may be energized 
fïom main circuit O through a pair of contacts 
4 which, when bridged, will cause motor 3 fo 
rotate .the coil of regulator  in one direction 
to effect a lowering of the voltage, for example, 
of the circuit 8--8. Servomotor 3 may also 
be energized through a pair of contacts  5 which, 
when bridged, will cause motor 3 to rotate the 
regulator coil in the opposite direction to effect a 
boosting of the voltge of I--0. As illustrated, 
energization of servomotor 13 is controlled by 
a motor control relay comprising a lowering 
coil lE energization of which causes bridging oï 
contacts 14 and a boosting or raising coil I] en- 
ergization of which causes bridging of contacts 
15. Also, as illustrated, coils lE and I] are in 
two independent control circuits having the con- 
tacts oï a normally closed relay or switch 18 
therein in series circuit relation with a control 
switch 19. Control switch 19 is a well-known 
and conventional contact-making voltmeter or 
voltage regulating relay and comprises a con- 
trol coil 2{} cormected to respond to the voltage 
of cir.cuit I O--f 0, a pivotally mounted contact arm 
or beam 2 1 and a pair of relatively fixed contacts 
22 and 23 respectively connected to or mounted 
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in the two independent control circuits. Arm 
is shown in its normal operating position and it is 
adapted tobe moved by coil 2 into circuit con- 
trolling position wherein it makes contact with 
either relative!y fixed contact 22 or relatively 
fixed contact .. The voltage regulating relay 
a]so includes a holding effect coil 24 energization 
of which is under the control of contact 22 or 
contact 23 through circuits which include fixed 
resistances 25, 26, 27, 28 and a variable resist- 
ance 29 which al!ows adjustment of the amount 
of current through coil 24 and, therefore, the 
amount of holding effect exercised by coil -4 Lo 
maintain steady contact between bridge arm 
and contact 2 or 3, as the case may be. Relay 
! 9 including holdin coil 2, and the circuits asso- 
ciated therewith is a well-known device, some- 
rimes referred to as a contact making voltmeter, 
and its operation is well understood by those 
skilled in the art. Tri fact, the entire arrange- 
ment as thus far described, with the exception 
of normally closed relay or switch 8, is simflar 
in many respects to a k:oEo\vn arrangement for 
controlling the operation of a voltage regu!a.tor 
without rime delay. 
I-Iowever, in accordance with this invention, 
re]ay or switch !8 with normally closed contacts 
in both of the independent control circuits is pro- 
vided. The coit $ of relay 8 is in series circuit 
relation with the anode-cathode circuit of an 
electronic discharge device  having an anode 
3, a cathode 33, and a control grid 4. Ener2y 
for this circuit may be provided from main cir- 
cuit  -- , as illustrated, through a transformer 
- and series connected resistances 36 and , de- 
finin a voltage divider, the common connection 
of which is connected to cathode 3. Another 
electronic discharge device 38 having an anode 
38, a cathode 4, and a control grid 4 is also 
provided and may comprise a separate tube or be 
enclosed within the saine envelope which en- 
closes the e]ements of discharge device , as il- 
lustrated. In the interest of simp]icity, the 
cathode heaters for tubes 3 and 38 have not 
been diagrammatically shown. These heaters 
may be enerized from the illustrated secondary 
of transformer 5. If will hereinafter be under- 
stood by those skilled in the art that in lieu of 
heateï type tubes, filament or co]d cathode type 
tubes may be employed. 
A cathode connected capacitor 42 is connected 
in the anode-cathode circuit of device 3. which 
may also be energized from main circuit -- 
The cathode oï device 39 and one terminal of 
capacitor î are connected through a resistance 
43 fo the conrol grid 4 oî electronic device 
The cathode 40 and the saine terminal of capaci- 
for . are also connected to both of the inde- 
pendent controi circuits for the coils  and 
of the motor control relay ai points intermediate 
the normally closed switches [8 and the contro! 
switch 19, through an adjustable resistance 
and respective]y through fixed resistances 5 and 
dS in series circuit relation with resistance 4, as 
illustrated. he control grid 4 oï deviee 3 is 
connected fo main circuit 9--9 throu2h re- 
sistance 4ï and resistances 48 and 48 comprising 
a voltage divideï. In addition, if should be ob- 
served that the control grid is also connectd fo 
the two independent ccntrol circuits throuh one 
or more rectifiers or unidirectional conductive 
devices 59--0' and --" respectively. AI- 
though rectifiers 50--5}', --' may be of the 
copper oxide or selenium type, the germanium 
type rectifier is preferred inasmuch as copper and 
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selenium rectifiers will be permanently damaged 
if they break down due to excessive voltage, while 
germanium rectifiers are much more reliable in 
that the germanium diode will recover completely 
5 on removal of the voltage as lon as the current 
resulting from the breakdown does not overheat 
the diode to cause a burnout. Furthermore, the 
ermanium diode has a lower forward resistance 
compared fo any other rectifier and leakage cur- 
fo rent in a reverse direction is less than would be 
the case with either the copper oxide or the 
selenium type rectifier. The importance of this 
characteristic will become apparent from a dis- 
cussion of the operation of the invention to fol- 
t5 low. However, with a typical or illustrative set 
of values for the various impedances employed, 
the type of tube or electronic discharge device, 
line voltage, etc. in mind, itis believed that this 
operation wfll be better understood. Thus, with 
OE0 a normal line voltage across the circuit )-- of 
120 volts A. C., rectifiers --' and --' 
may each be, for example, a conventional and 
well known 1N63 germanium diode while elec- 
tronic discharge devices 33 may be a con- 
OE, ventional 6SN7 twin triode tube. The various 
impedances illustrated may have approximate 
values in ohms resistance as follows: 500 ohms for 
each of the resistances identified by the numerals 
2- and 26, 2280 ohms fol" resistance 2, 1800 
o ohms ïoï 28,750 ohms for 2, 10,000 ohms for 7, 
40,000 ohms each for resistances 4. and 4, 15,000 
ohms for 48, 20,000 ohms for 48, 5 megohms for 
44, 20 megohms for 4, 9,000 ohms for 35 and 
2,500 ohms for resistance 3 while capacitor 42 
: may have a capacitance of 5 microfarads. 
Under normal conditions, when the voltage 
level being maintained by the regulatoï  is 
within the band selected, arm 2 of relay 8 is 
maintained in the neutral or out-of-contact posi- 
40 tion illustrated and a positive potential with 
respect to cathode 4 is impïessed upon the grid 
[ oï electronic discharge device 8 duïing the 
hall-cycles when the upper line [ is positive, so 
that device 38 is rendered conductive to maintain 
5 a charge on capacitor 42 approximately up to the 
peak of the voltage existing at the junction be- 
tween resistances 4 and 4. Althouh the con- 
trol grid 4 is also connected to upper line  
through the germanium rectifiers and resistances 
50 2, 2, 2 and 28, the resistances of the ger- 
manium rectifiers on the positive hall cycle are 
very high relative to resistors 4, 43 and 4 so 
that the voltage peak to which capacitor 4.  
charges is determined by the voltage divider 
8 formed by resistors 48 and . Since electronic 
device 38 provides rectifying action, the negative 
peaks, of course, are unimportant. Under these 
conditions the charge on capacitor 42 at the 
terminal connected to cathode 4 is positive with 
60 respect to lower line or ground ]. Since the 
capacitor 42 is positive with respect to ground, 
the ,rid of electronic discharge device 3 is posi- 
tive enough with respect to cathode 33 to cause 
current fo fiow in the plate or anode-cathode cir- 
65 cuit thereof when the plate is positive so that coil 
3.] of relay 3 is enerized whereby both of the 
normal!y c]osed switches in the independent con- 
trol circuits are held in an open position. A 
capacitor 2 is connected in shunt across re!ay 
ï0 coil 39 to smooth the current therethrough and 
]_ïevent chattering. Although capacitor 42 is 
also connected to the upper A.-C. main  
through resistors 4, 45, 27 and 25 as well as 
thïouh resistors 44, 46, 28 and 26, it should also 
ï5 be pointed out that its reactance is low compared 
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te the resistors involved se that the A.-C. ripple 
applied te the grid 34 of device 3  is low and can 
be neglected. 
New, assume the case where the voltage regu- 
lating relay  9 calls ïor an increased voltage ïrorn 
the induction voltage regulator by engagement of 
arm 2  with contact 22 in the control circuit com- 
pletion oï which would ordinarily energize bocst- 
ing coil 7 of the motor control relay. However, 
since the normally closed switch in this circuit 
controlled by relay J8 is held open as pïeviousl 
explained, coil 7 will remain de-energized. 
course, because oï the closure oï control switch 
9, current will fiow through holding effect coil 
24 through resistors 29, 2{} and 27 in the proper 
direction with respect te the current in the 
solenoid coil 2{} of the relay te give holding effect. 
In addition, however, engagement of arm 2J 
with fixed contact 22 also initiates two other 
functions simultaneously. First, the grid of elec- 
tronic discharge device 3 lis connected te ground 
through germanium rectifiers 5} and 50' and the 
grid is virtually at ground potential on the posi- 
tive half-cycles when the upper line {} is posi- 
tive se that the device 38 discontinues mainte- 
nance of a charge on capacitor 42. On the nega- 
tire hall-cycles, of course, the resistance of rec- 
tifiers 5{} and 5{}' is high but in addition device 38 
will net charge the capacitor since the plate 39 
of device 38 is negative. Secondly, and simul- 
taneously, capacltor 42 starts discharging te 
ground through adjustable resistor 44 and fixed 
resistor 5. The rime required te discharge ca- 
pacitor 42 may be selected by adjusting resistor 
44. Since the grid 34 of discharge device 3 
would otherwise be positive enough te conduct 
current, resistance 43 bas been placed in the cir- 
cuit te limit this tendency. In relation te re- 
sistances 44 and 45 or 4S, the resistance of re- 
sistor 43 is large. When the potential of capaci- 
ter 42 has been reduced, because of its discharge, 
te a certain predetermined value, the bias on the 
cathode 33 of device 3 furnished by the poten- 
tial dividers 3{} and 37 decreases the current in 
the relay coil 3 te a point where the normally 
closed switches controlled thereby drop te a 
closed position, as illustrated, whereupon the cir- 
cuit controlling motor control relay coil 7 is 
completed se that the resulting energization of 
coil 7 effects bridging of contacts 5--5 te 
cause rotation of the servomotor in the proper 
direction te raise the regulator voltage. A1- 
though the contacts associated with relay 8 in 
the circuit for energizing motor control relay coil 
 {} are also bridged simultaneously with the bridg- 
ing of the contacts in the other control circuit, 
coil  remains substantial!y de-energized inas- 
much as this circuit is broken or open at contact 
2.. The current in coil $ is limited te an ex- 
tremely small value relative te the amount re- 
quired te operatively energize the relay, since the 
germanium rectifiers 5--I}' are opposed in di- 
rection te the rectifiers 5J--' and the resist- 
ances of resistors  and  are sufficiently high 
in value. 
If, instead of engaging contact 22, the arm 2 
of voltage regulating relay {9 had engaged con- 
tact 23, coil {} would, of corse, bave been ener- 
gized after the selected rime de]aF and the servo- 
motor would bave lowered the regulater "¢oltage. 
In either case, aîter the regulator bas restored 
line voltage te the proper level, the voltage regu- 
lating relay contact involved opens. The motor 
control relay coil involved is immediately de- 
energized se that the servomotor ceases te turn 
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the regulator rotor. At the same rime, the con- 
nections between capacitor 4 and ground is 
broken. The grid of device 3 returns te the po- 
tential as determined by .the potential divider 
5 ïormed by resistors 48 and 49. Capacitor 42 re- 
charges te a potential equal te the positive peak 
voltage existing at the grid plus a bias voltage re- 
quired te cut device 3 off. The plate resistance 
of the electronic discharge device is low enough 
10 te consider the charging time of capacitor 42 te 
be instantaneous when compared te the rime con- 
stants involved in the serve control circuit of an 
induction voltage regulator. Obviously, if a fixed 
rather than an adjustable rime delay period is 
15 preferred, resiitor 4 maF be a fixed rather than 
an adjustable resistor. 
In the event that either one or the other of the 
elec'tronic discharge devices 3  and 3{} should rail 
relay or switch 8 will be de-energized and its 
2O contacts will close. In such event, if will be ap- 
parent that the Voltage control rela 9, the 
motor control relays involving coils  and 7 
and .the voltage regulator   will continue .te ad- 
just the line voltage, although the time-delay 
25 feature will be absent. I bave thus provided a 
cooperative combination of elements se arranged 
that an adjustment of voltage bF a voltage regu- 
lator will be delayed a predetermined period of 
rime, but af .the same rime an arrangement has 
3O also been provided which is rail sale in the sense 
that failure of the elements employed te realize 
the time-delay feature will net interfere with 
continued automatic operation of the regulator 
without rime delay. 
35 While  bave shown and described a particular 
embodiment of my invention, if will be obvious te 
those skilled in the art that changes and modi- 
fications can be ruade therein and I, therefore, 
airn in the appended claims te cover all such 
:0 changes and modifications as fall within, the 
true spirit and scope of my invention. 
What I claim as new and desire te secure by 
Letters Patent of the United States is: 
I. In combination, a c0ntactor mechanism op- 
45 erable for a movement between two separate sta- 
tionary positions, and an operable control switch 
te control the operation of said contacter mecha- 
nism, a capacitor, a source of unidirectional po- 
tential, means responsive te an applied signal of 
50 a given polarity for charging said capacitor frein 
said source, control means responsive te a given 
polarity charge on said capacitor for maintaining 
said contacter mechanism in one of said sta- 
tionary positions, said control means being re- 
55 sponsive te the discharge of said capacitor te a 
given level te cause movement of said contacter 
mechanism te the other of said stationary posi- 
tions, a unidirectlonal conductive device opera- 
rive in response te operation of sald control switch 
60 te effect interruption of said applied signal and 
a resistance operative te effect discharge of said 
capacitor in response te operation of said control 
switch. 
2. A rail sale rime delay relay for separate 
65 electrical completion of either one of two inde- 
pendent control circuits, each having a normally 
closed switch therein and a control switch having 
contact respectively connected in series circuit 
relation with said normally closed switches com- 
Te prising means including an electronic discharge 
device having an anode, a cathode and a control 
grid effective when rendered conductive te simul- 
taneously maintain said normally closed switches 
in the open position, means for impressing a 
5 positive potential-on said control grid o render 
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said discharge device conductive including a sec- 
ond electronic discharge device having an anode, 
a control grid and a cathode, said cathode con- 
nected to the grid of said first-mentioned dis- 
charge device, a pair of series connected resist- 
ances interconnecting said control circuits at 
points intermediate said control switch and said 
normally closed switches, means responsive a 
predetermined rime after a closure of said control 
switch to tender said first-mentioned discharge 
device non-conductive including oppositely poled 
unidirectional conductive devices respectively 
connected in parallel between the grid of said sec- 
ond discharge device and said control circuit at 
points intermediate said control switch and said 
normally closed switches and a resistance con- 
nected between the cathode of said second dis- 
charge device and the junction between said series 
connected resistances. 
3. A motor control system comprising switch 
means for energizing a motor, two independent 
control circuits including a control switch mov- 
able to one closed position by engagement with 
a contact in one of said control circuits to con- 
trol the operation of said switch means so as to 
cause operation of said motor in one direction 
and movable to another closed position by en- 
gagement with a contact in the other of said con- 
trol circuits to control the operation of said switch 
means so as to cause operation of said motor in 
the other direction, a normally closed switch in 
each of said control circuits respectively in series 
circuit relation with said control switch, timing 
means for simultaneously holding said normally 
closed switches open to tender said control switch 
ineffective for a predetermined rime after a clo- 
sure thereof including a pair of electronic dis- 
charge devices each of which bas an anode, a 
cathode and a control gïid, a cathode connected 
capacitor in the anode-cathode circuit of one of 
said discharge devices, a coil for simultaneous 
actuation of said normally closed switches in the 
anode-cathode circuit of the other of said dis- 
charge devices, means for impressing a positive 
bias with respect to the cathode on the grid of 
said one discharge device to tender said device 
conductive to charge said capacitor, the grid of 
said other discharge device being connected to 
the junction between the cathode of said one dis- 
charge device and said capacitor whereby said 
capacitor is effective when charged to impress a 
positive potential on the grid of said other dis- 
charge device to tender said device conductive 
and effective to energize said coil to hold said 
normally closed switches open, said control cir- 
cuits being interconnected af points between said 
control switch and said normally closed switches 
through series connected oppositely poled ger- 
manium rectifiers and separately interconnected 
at said points through a pair of series connected 
resistances, the grid of said one discharge device 
being connected to said control circuits respec- 
tively through said rectifiers and the cathode of 
said one device being connected through another 
resistance to an intermediate point between said 
series connected resistances whereby closure of 
said control switch effects the impression of a 
negative potential with respect to the cathode on 
the control grid of said one discharge device to 
tender said device ineffective to charge said ca- 
pacitor and said capacitor is discharged through 
said other resistance to tender the grid of said 
other discharge device negative with respect to 

the cathode thereof whereby said coil in the an- 
ode-cathode circuit of said other device is de- 
energized and rendered ineffective to hold said 
normally closed switches open. 
5 4. A rail sale rime delay relay for separate 
electrical completion of either one of two inde- 
pendent control circuits comPrising a contactor 
mechanism having contacts in each of said con- 
trol circuits and operable for movement between 
10 two circuit controlling positions', an operable con- 
trol switch to control the operation of said con- 
tactor mechanism, a capacitor, a source of uni- 
directional potential, means responsive to an ap- 
plied signal of a given polarity for charging said 
15 capacitor from said source, control means 
sponsive to a given polarity charge on said 
pacitor for maintaining said contactor mech- 
anism in one of said circuitcontrolling positions, 
said control means being responsive to the dis- 
20 charge of said capacitor toa given level to cause 
movement of said contactor mechanism to the 
other of said circuit controlling positions, 
posite]y poled unidirectional conductive devices 
connected in series circuit relation between said 
25 control circuits, a pair of resistors connected in 
series circuit relation between said control cir- 
cuits and a third resistor in series cri'cuit relation 
respectively with each of said pair of resistors, 
said unidirectional conductive devices of a com- 
30 mon polarity and said third resistor being opera- 
rive in response to operation of said control 
switch to effect interruption of said applied sig- 
nal and discharge of said capacitor. 
5. A fail safe rime delay relay for separate 
35 electrical completion of either one of two inde- 
pendent control circuits comPrising a contactor 
mechanism having contacts in each of said con- 
trol circuits and operable for movement between 
two circuit controlling positions, an operable con- 
40 trol switch to control the operation of said con- 
tactor mechanism, a capacitor, a source of uni- 
directional potential, means responsive to an ap- 
plied signal of a given polarity for charging said 
capacitor from said source, control means re- 
45 sponsive to a given polarity charge on said ca- 
pacitor for maintaining said contactor mech- 
anism in one oï said circuit controlling positions, 
said control means being responsive to the dis- 
charge of said capacitor toa given level to cause 
511 movement of said contactor mechanism to the 
other of said circuit controlling positions, uni- 
directional conductive devices connected to said 
control circuits operative in response to opera- 
tion of said control switch to effect interruption 
55 of said applied signal and a resistance connected 
to said control circuits simuitaneously operative 
to effect discharge of said capacitor in response 
to operation of said control switch. 
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